Two ultraluminous X-ray sources (ULXs) in the nearby Sb galaxy NGC 1313, named X-1 and X-2, were observed with Suzaku on 2005 September 15. During the observation for a net exposure of 28 ks (but over a gross time span of 90 ks), both objects varied in intensity by about 50%. The 0.4-10 keV X-ray luminosities of X-1 and X-2 were measured as 2.5 × 10 40 erg s −1 and 5.8 × 10 39 erg s −1 , respectively, with the former exhibiting the highest ever reported for this ULX. The spectrum of X-1 can be explained by the sum of a strong and variable powerlaw component with a high-energy cutoff, and a stable multicolor blackbody with an innermost disk temperature of ∼ 0.2 keV. These results suggest that X-1 was in a "very high" state, where disk emission is strongly Comptonized. The absorber within NGC 1313 toward X-1 is suggested to have a subsolar oxygen abundance. The spectrum of X-2 is best represented, in its fainter phase, by a multicolor blackbody model with an innermost disk temperature of 1.2-1.3 keV, and becomes flatter as the source becomes brighter. Hence, X-2 is interpreted to be in a slim-disk state. These results suggest that the two ULXs have black hole masses of some dozens to a few hundred of solar masses.
Introduction
Ultraluminous X-ray sources, or ULXs, are point-like X-ray sources with bolometric luminosities in excess of 3 × 10 39 erg s −1 . They were first discovered using the Einstein Observatory (for a review of the first decade of ULX discoveries, see Fabbiano 1989) , and have often been hypothesized to be massive accreting black-hole binaries (BHBs) because of their high luminosity and time variability. Assuming a simple geometry, an accreting mass of 30-100 M is required so that the observed luminosities do not exceed the Eddington limit, although firm evidence for this interpretation had been lacking for almost 20 years.
A breakthrough in the study of ULXs was brought about by observations with the ASCA satellite: more than a dozen ULXs were studied spectroscopically in the 0.5-10 keV energy range for the first time (e.g., Okada et al. 1998; Colbert, Mushotzky 1999; Makishima et al. 2000; Mizuno 2000) . Spectra of the majority of the ASCA sample have been well modeled by a "multi-color disk model" (MCD model: Mitsuda et al. 1984) . Spectral transitions between the MCD-type state and the power-law-type state, often seen in Galactic BHBs, have also been found in some ULXs (La Parola et al. 2001; Kubota et al. 2001a ). These spectral characteristics generally reinforce the black hole scenario with masses of 30-100 M for ULXs, although the apparent properties of high disk temperatures (innermost disk temperature T in in the 1.0-1.8 keV range; Makishima et al. 2000) and the change of the innermost disk radius (Mizuno et al. 2001 ) both distinguish them from simple scaled-up versions of stellar-mass BHBs.
In the early 2000's, further advancements were provided S258 T. Mizuno et al. [Vol. 59,  from observations made with the Chandra and XMM-Newton Observatories. More than 150 off-nucleus sources, with luminosities exceeding 10 39 erg s −1 , have been observed using Chandra, and most of them have been determined to be pointlike at 0. 5 angular resolution (Swartz et al. 2004) . Some luminous ULXs were found to be associated with recent starformation activities, suggesting that they originate in young and short-lived systems. High-quality spectra of ∼ 30 ULXs, obtained using XMM, were in many cases dominated by a power-law-like component, often accompanied by soft excess below 1 keV (e.g., Foschini et al. 2002; Feng, Kaaret 2005; Winter et al. 2006 ). This soft component could be interpreted as emission from a cool accretion disk (T in = 0.1-0.3 keV) around a massive black hole of ∼ 10 3 M (e.g., Miller et al. 2003 Miller et al. , 2004 , although this interpretation is still controversial (e.g., Dewangan et al. 2005; Stobbart et al. 2006; Goad et al. 2006) .
Another important clue to the nature of ULXs has been provided through the study of Galactic BHBs. Besides the established two spectral states of BHBs, namely, the low/hard state with a dominant power-law continuum and the high/soft state dominated by an MCD emission (e.g., McClintock, Remillard 2006) , two novel states have been identified, mainly with RXTE observations of several BHBs (e.g., Kubota et al. 2001b; Kobayashi et al. 2003; Kubota, Makishima 2004) . One is a "very high state", known since the 1990's (e.g., Miyamoto et al. 1991) . As a source becomes more luminous than in the soft state and enters this new state, its spectrum again becomes power-law-like, presumably due to Comptonization by hot optically thick plasmas, with the MCD component becoming weaker and sometimes cooler. By re-analyzing the ASCA data of IC 342 source 1, Kubota, Done, and Makishima (2002) showed that the observed power-law-type spectrum of this ULX is suggestive of the very high state. The fourth state, characterized by an MCD-like, but hotter, spectra, is seen when a source is very luminous, close to, or even exceeding, the Eddington limit. As argued by Kubota and Makishima (2004) through an observation of Galactic BHB XTE J1550−564, this state may correspond to the theoretically predicted "slim disk" solution (e.g., Abramowicz et al. 1988; Szuszkiewicz et al. 1996; Watarai et al. 2000) , in which an optically-thick disk with a moderate geometrical thickness is formed and advective cooling becomes important. The slim-disk interpretation successfully explains the high disk temperature and the changes of the disk radius observed from the most luminous class of ULXs (e.g., Mizuno et al. 2001; Ebisawa et al. 2003) .
Despite the great progress described above, our understanding of ULXs is still far from satisfactory. In particular, it has been difficult to unambiguously distinguish different modelings of their spectra, and to understand how the spectrum changes as the source varies. In the present paper, we report our new Suzaku results on two ULXs (X-1 and X-2) in the nearby spiral galaxy NGC 1313. We suggest that X-1 was in a state that is very similar to the very high state of Galactic BHBs, while X-2 was in another state that may correspond to the slimdisk solution. Our new results also include possible indication of subsolar oxygen abundance in the X-ray absorption toward X-1.
Instrumentation and Observation
The 5th Japanese X-ray satellite, Suzaku (Mitsuda et al. 2007) , has several important instrumental properties that are suited to ULX studies. The X-ray Imaging Spectrometer (XIS: Koyama et al. 2007) , combined with the X-ray Telescope (XRT: Serlemitsos et al. 2007) , is our primary observing tool. Among the four XIS cameras, one (XIS1) utilizes a backside illuminated CCD chip (BI chip), and has an unprecedented sensitivity and energy resolution in the energy band below 1 keV. The other three XIS cameras, with front-side illuminated chips (FI chips), have an even better energy resolution, together with very low and stable background toward the hardest spectral end. As a result, the XIS plus XRT combination covers a very wide energy range, 0.2-12 keV, with a much flatter response than was achieved with previous missions. This in turn allows us to accurately constrain the continuum shape of ULXs. In addition, the Hard X-ray Detector (HXD: Takahashi et al. 2007; Kokubun et al. 2007 ) has unprecedented sensitivity in the energy range above 10 keV, and may detect the hard X-ray emission from the brightest ULXs.
NGC 1313 is a nearby face-on, late-type Sb galaxy at a distance of 3.7 Mpc (Tully 1988) . Although a more recent estimate by Méndez et al. (2002) gives 4.13 Mpc, we adopt the value by Tully (1988) for consistency with other works on ULXs in this galaxy (e.g., Miller et al. 2003; Dewangan et al. 2005; Stobbart et al. 2006) . If 4.13 Mpc is adopted, all of the luminosities quoted in the present work increase by 20%. The low Galactic line-of-sight absorption toward NGC 1313 (N H = 0.35 × 10 21 cm −2 ) allows us to study low-energy spectral properties of sources in it. According to previous X-ray observations of NGC 1313 using the Einstein Observatory and ROSAT (Fabbiano, Trinchieri 1987; Colbert et al. 1995) , its X-ray emission is dominated by three extremely luminous point-like sources of X-ray luminosity L X ∼ 10 39 erg s −1 each. One of them is an unusually luminous X-ray supernova, namely SN 1978K. The other two are typical ULXs, which we call X-1 and X-2 after Colbert et al. (1995) ; the former is located close (∼ 45 ) to the galaxy nucleus. The two ULXs have already been studied extensively with ASCA and XMM-Newton (e.g., Makishima et al. 2000; Mizuno et al. 2001; Miller et al. 2003; Dewangan et al. 2005; Stobbart et al. 2006; Feng, Kaaret 2006) . ASCA observations found moderate amplitude long-term variability of these ULXs. While the spectral behavior of X-1 was rather complex, the ASCA spectrum of X-2 was represented by a hot (1.0-1.5 keV) MCD model (Mizuno 2000; Mizuno et al. 2001 ). The XMM spectra of both ULXs in 2000 can be represented by a powerlaw with soft excess, which Miller et al. (2003) interpreted as MCD emission from a cool accretion disk around a very massive (∼ 1000M ) BH. Optical observations of X-2 indicate that the source is a high-mass X-ray binary system (Zampieri et al. 2004; Mucciarelli et al. 2005) .
We conducted a Suzaku observation of NGC 1313 on 2005 October 15, with the XRT optical axis aimed at the middle point between X-1 and X-2. The data were screened based on the following standard criteria: a) the time elapsed after a passage through the South Atlantic Anomaly is longer than 256 seconds, b) the object is at least 5
• and 20
• above the The image was smoothed using a Gaussian distribution with σ = 0. 1. The triangles indicate the positions of strong X-ray sources detected in the ROSAT HRI observation (Schlegel et al. 2000) , shifted by 0. 65, which is within the pointing accuracy of the Suzaku satellite. Also shown are the accumulation regions for source spectra. Note that source names are after Colbert et al. (1995) .
rim of the Earth during night and day, respectively, and c) the geomagnetic cutoff rigidity is greater than 6 GV. After these data screenings, the net exposure with the XIS became 27.8 ks.
The resulting XIS image of the galaxy is shown in figure 1 . The spectrum of the HXD, after subtracting the instrumental background model provided by the instrument team, is consistent with that of the cosmic X-ray background (Boldt 1987) , and no significant hard X-ray emission above 10 keV was detected.
Data Analysis

Light Curves of Two ULXs
The 0.4-10 keV light curves of NGC1313 X-1 and X-2, extracted from the circular regions of 3 radius, are shown in figure 2 . Thus, the two ULXs both varied by ∼ 50%, with a flux increase in X-1 and a decrease in X-2. The variations are intrinsic to the sources, rather than being instrumental artifacts (e.g., vignetting of the mirror), since we used the data after the satellite position was well stabilized, and because both objects were placed rather close (∼ 3. 5) to the optical axis of the telescope compared to the XIS field-of-view (18 × 18 ).
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T. Mizuno et al. [Vol. 59, To investigate the change of spectral shapes in a modelindependent way, we subtracted the background extracted from a source-free region of the same observation, and calculated the ratio of the spectrum of the fainter phase to that of the brighter phase. The observed ratios, shown in figure 3, reveal intensity-correlated spectral changes in both ULXs. In X-1, the ratio stays at ∼ 1 below 1 keV, and decreases toward higher energies, reaching ∼ 0.6 at 3 keV and then flattening. The positive correlation between the intensity and spectral hardness, observed from X-1 in this particular observation, is opposite to that found on other occasions (e.g., Dewangan et al. 2005; Feng, Kaaret 2006) . The X-2 spectrum softens as the source becomes dimmer, implying also a positive intensity versus hardness correlation, but the spectral change is particularly prominent at energies above ∼ 3keV.
In the following subsections, we first analyze the timeaveraged spectra to grasp rough spectral information (subsection 3.2), and then consider the spectral variability in detail (subsection 3.3).
Time-Averaged Spectra
We first calculated spectral ratios of the two ULXs to the Crab Nebula (Crab ratio). Since the Crab Nebula is known to have a stable, simple power-law X-ray spectrum of the photon index Γ ∼ 2.1 (Toor, Seward 1974) , the Crab ratios can be used to roughly examine the spectral shapes of various X-ray sources in the form close to νF ν representation, without using a detector response. As shown in figure 4 , the X-1 spectrum has a power-law-like shape up to 3 keV, and then falls off above 5 keV. The X-2 spectrum shows a similar shape, but is more convex than that of X-1. Thus, neither spectrum can be well modeled by a single power-law.
We then fitted the time-averaged spectra by xspec of version 11.3 using the response matrix files as of 2006 February 13, and auxiliary response files generated by the program xissimarfgen as of 2006 April 24. Since the two ULXs exhibited clear spectral changes during the observation, here we aim at roughly evaluating the spectral properties rather than quantifying the spectral parameters. We employed the MCD plus power-law model (hereafter called "MCD + PL" model), a standard model widely used to describe the spectra of BHBs and ULXs. The data from the three FI cameras were summed together to improve the statistics. Contamination on the XIS by out-gassing from the satellite (Koyama et al. 2007 ) and the consequent decrease in the low-energy efficiency were taken into account using the xispcoab model 1 developed by the XIS team; this empirically models the positional dependence and time evolution of the contaminant thickness of each XIS sensor based on calibration observations. Two free parameters of the model, namely the days of observation since 2005 August 13 and the target offset angle from the XIS nominal position, were fixed at 63 and 3. 5, respectively; the model gave a column density of (1.0-2.9) × 10 18 cm −2 and (0.18-0.48) × 10 18 cm −2 for carbon and oxygen in the contaminant, respectively. The line-of-sight absorption outside the satellite was taken into account using the "wabs" model (Morrison, McCammon 1983) , with hydrogen column density as a free parameter. Since a small gain jump at the Si K edge is not yet properly handled in the current pipeline processing, data with PI channels 500-504 (corresponding to 1.82-1.84 keV) were ignored in the fitting.
As shown by figure 5, the model approximately reproduces the data, although the fit is rather poor with χ 2 /d.o.f. = 442.6/282, mainly because of residuals in the 0.4-0.6 keV band and around 2 keV. Since there is a difference between the shapes of the residuals around 2 keV in the FI and BI spectra, this is likely to be instrumental due to calibration uncertainties. We therefore exclude data in the 1.5-2.3 keV band (which covers the 1.82-1.84 keV range already excluded) in the following analysis of the X-1 spectrum. The low-energy residuals are prominent below the neutral O-edge absorption, and are suggestive of an incorrect amount of oxygen in the spectral model. We therefore exclude, for the moment, the X-1 data below 0.6 keV as well, and investigate this issue in subsection 3.4. Neglecting the data in these two energy regions gives a marginally acceptable fit to the X-1 spectrum with χ 2 /d.o.f. = 256.9/218. The X-2 spectrum, in contrast, is reproduced successfully by the MCD+PL model with χ 2 /d.o.f. = 152.2/142, probably because of the limited photon statistics. We thus utilize the full energy band of the Suzaku XRT + XIS (except the 1.82-1.84 keV range) in the following spectral analysis of X-2.
The best-fit model parameters describing the time-averaged X-1 and X-2 spectra are tabulated in table 1, and contributions of the individual model components are shown in the 1 http://heasarc.gsfc.nasa.gov/docs/xanadu/xspec/models/xisabs.html . insets of figure 5. The power-law component and the MCD component contribute almost equally to the X-1 spectrum, whereas the MCD component dominates the X-2 spectrum. These properties agree with the inference from the Crab ratio (figure 4). Assuming a source distance of 3.7 Mpc (Tully 1988) and isotropic radiation, the 0.4-10 keV source luminosity is 2.5 × 10 40 erg s −1 and 5.8 × 10 39 erg s −1 for X-1 and X-2, respectively, after correction for the absorption inside and outside the spacecraft. Even allowing for possible calibration uncertainties by ∼ 10%, the flux of X-1 is the highest among those ever reported for this source, including all archival XMM-Newton data available as of 2006 June, as we confirmed through our own analysis; more than a factor of 4 higher than that of the XMM-Newton 2000 observation. The flux of X-2 is between those of the 1993 and 1995 ASCA observations, and a factor of 3 higher than that measured in the XMM-Newton observation in 2000 (Mizuno et al. 2001; Miller et al. 2003) .
Spectral Variability of Each Source
To quantify the spectral changes (figure 3) associated with the intensity variations, we then divided the data into two time regions, shown in figure 2, and derived "brighter phase" and "fainter phase" spectra from the two sources. We then fitted them with several models widely used to represent the spectra of ULXs: the MCD + PL model, "p-free disk model", and the MCD plus cutoff power-law model (hereafter, MCD + cutoff-PL). The MCD+PL model is the most commonly used description of BHB spectra, mainly those in the soft state. The p-free disk model is a modified MCD model, where the disk temperature profile as a function of radius, r, is given as T (r) = T in (r/r in ) −p with p being a positive free parameter. This model was originally developed by Mineshige et al. (1994) to validate the standard accretion-disk prediction on the temperature profile (p = 0.75). The model was later utilized to represent the spectra of BHBs and ULXs when the objects are thought to be in the slim disk state (e.g., Kubota, Makishima 2004) , since the spectrum emergent from a slim disk is theoretically predicted to become flatter, and be approximated by the p-free disk model with p decreasing to ∼ 0.5 (Watarai et al. 2000) . A power-law-type hard spectrum with soft excess below 1 keV has been widely observed in ULXs including those in NGC 1313 (Miller et al. 2003) . Since the apparently power-law-like continuum often exhibits, under close inspection, a high-energy turnover (e.g., Kubota et al. 2002; Dewangan et al. 2005; Stobbart et al. 2006) , we also employed the MCD + cutoff-PL model in which the MCD component represents the excess in the soft band and the cutoff-PL represents the curved spectrum in the high energy band. The role of the MCD component in this model is different from that in the first one (MCD + PL), in which the MCD component has a high temperature and represents the high-energy spectral curvature.
All of these three models are moderately successful on both the fainter-phase and brighter-phase spectra of X-1, yielding the best-fit parameters as summarized in table 2. The MCD and p-free disk models allow us to evaluate the innermost disk radius, R in . After Makishima et al. (2000) , we calculated this parameter as R in = ξκ factors described in Kubota et al. (1998) and Shimura and Takahara (1995) . The best-fit spectrum of each phase is given in figure 6 . The physical meanings of the obtained fits are discussed in subsection 4.1.
We obtained similar results concerning the brighter-phase X-2 spectrum: the three models are all moderately successful, with a rather small difference in their fit goodness (table 2) . The fainter-phase spectra of X-2 were reproduced by a single MCD model, and adding a power-law component with Γ = 1.0-2.5 did not improve the fit significantly (less than 90% confidence using the F -test). In table 2, we hence give only the single-MCD fit result for the fainter-phase X-2 spectrum. The spectra of X-2 in its fainter and brighter phases are shown in figure 7 together with the best-fit models (see subsection 4.2 for the discussion of physical meanings of the model fits). 
Residuals at Low Energies
Finally, we revisit the residuals seen at low energies in the X-1 spectrum, particularly around the oxygen absorption edge (at 0.53 keV in figure 5 ). These residuals suggest that the model is overpredicting the edge depth. Thus, a likely origin is an overestimation of the oxygen column density in the XIS contamination model, or an incorrect modeling of the oxygen abundance in absorbing materials along the line of sight to the source.
To form an accurate estimate of the oxygen column density in the overall absorber, we followed the procedure of Cropper et al. (2004) , and decomposed the absorption into the following two factors. One is the line-of-sight Galactic absorption, represented by a "wabs" model with solar abundance ratios, of which the column density is fixed at N H = 0.35 × 10 21 cm −2 . The other is the absorption inside NGC 1313 (plus errors in the XIS contamination modeling), expressed by a "tbvarabs" absorption model (Wilms et al. 2000) in which the abundances of individual elements can be varied. We selected the MCD + cutoff-PL model to represent the continuum, because it can reproduce the brighter phase spectrum with the smallest χ 2 /d.o.f. among the three model fits. The elemental abundances refer to Anders and Ebihara (1982) , which are close to those employed in the "wabs" model. We refitted the data, leaving the oxygen abundance in the tbvarabs model to vary freely, but fixing other elemental abundances at the solar values. Indeed, the fit was improved (∆χ 2 = −50.3) by lowering the oxygen abundance to 0.51
solar. According to an F -test, this improvement is significant at the 99% confidence limit. We further allowed the FI and BI data to have independent absorption parameters, to see if there is any possible instrumental uncertainty. Then, the FI and BI data gave consistent column densities of the second absorption factor as N H = (3.3 ± 0.3) × 10 21 cm −2 and N H = (2.8 ± 0.2) × 10 21 cm −2 , respectively, whereas they somewhat disagreed concerning the circum-source oxygen abundance; 0.31 ± 0.10 solar (FI) and 0.68 ± 0.13 solar (BI). Since the FI sensors have lower soft X-ray efficiency than the BI sensor, and may suffer from larger calibration uncertainties, we adopt the result by the BI data, which still implies the subsolar oxygen abundance.
If we adopt the 0.68-solar oxygen abundance in the tbvarabs model, the intervening oxygen column density decreases by 0.67×10 18 cm −2 from that implied by the one-solar abundance modeling. This decrement is significantly larger than the oxygen column density contained in the BI sensor contaminant, namely 0.21 × 10 18 cm −2 . Therefore, the required reduction in the oxygen column density cannot be attributed to any uncertainty in the modeling of chemical composition and/or thickness of the XIS contaminant. Instead, we infer that the Table 1 . Time-averaged ULX spectra fitted with the MCD + PL model. absorber within NGC 1313 toward X-1 has a subsolar oxygen abundance.
We performed the same analysis on X-2. Namely, we refitted the spectrum by allowing the oxygen abundance in the tbvarabs model to vary freely. Due to the limited photon statistics, however, the oxygen abundance in this absorption model was only poorly constrained, with an upper limit of ≤ 1.01 solar. Thus, the X-2 data are consistent with the absorber in NGC 1313 having a subsolar oxygen abundance, but do not require it.
Discussion
In the Suzaku observation of NGC 1313, spanning a gross time interval of 90 ks (but the net exposure being 28 ks), we detected gradual intensity changes by ∼ 50% from the two ULXs, X-1 and X-2. On an average, X-1 exhibited a 0.4-10 keV luminosity of 2.5 × 10 40 erg s −1 , which is the highest value ever reported for this source, while X-2 showed 5.8 × 10 39 erg s −1 . Thanks to the excellent performance of the Suzaku XIS, we obtained high-quality spectra from both ULXs, and revealed their intensity-correlated spectral changes. The high flux of X-1 also allowed us to obtain evidence of a subsolar oxygen abundance in the absorption toward it. Below we examine the spectral states of the two ULXs, and discuss the environment of the NGC 1313 X-1 system.
Spectral State of X-1
In the fainter phase, NGC 1313 X-1 exhibited a more-orless straight continuum, with the power-law component in the MCD + PL fit contributing more than 80% (see table 2). In the brighter phase, in contrast, the spectrum was much more convex (top panel of figure 3 ). In both phases, however, the three models tried here all gave similar χ 2 /d.o.f. Therefore, a good fit alone cannot tell which model is most appropriate in describing the spectra of X-1. Accordingly, below we examine each model concerning its physical consistency, utilizing in particular the variation as a key probe.
The MCD + PL model reproduces the data well in both brighter and fainter phases, and the inferred disk temperature (T in = 1.3-1.6 keV) is similar to those seen in hightemperature ULXs. However, the contribution of the MCD component is only 20-50%; this is much smaller than that in high-temperature ULXs where the MCD component dominates their X-ray spectra. This leads to a small inferred disk radius (∼ 100 km) and, as a consequence, the implied Schwarzschild black-hole mass (with R in identified with three times the Schwarzschild radius R s ) becomes more than an order of magnitude less than that derived employing the observed luminosity and consistency with the Eddington limit. In addition, the dominance of the PL component at low energies (figure 5) would cause difficulty in understanding the spectrum on the analogy of the BHB's soft state, as discussed, e.g., by Roberts et al. (2005) . Therefore, the MCD + PL modeling fails to give a reasonable physical interpretation.
Although we employed the p-free disk model to examine the slim-disk interpretation, the derived results appear to be self-contradictory to this view. It yields a somewhat worse χ 2 /d.o.f. for both the fainter and brighter phase spectra, together with unusually high innermost disk temperature, Table 2 . Fits to time-sorted spectra with errors for 90% confidence for one interesting parameter. T in , exceeding 2 keV. In addition, the p-free model fits imply that the temperature profile coefficient, p, increases and T in decreases as the source becomes brighter; these dependences are both opposite to theoretical predictions by the slim-disk model, and disagree with previous observations of BHBs/ULXs which are thought to be in the slim-disk state (e.g., Mizuno et al. 2001; Kubota, Makishima 2004) . Therefore, X-1 is unlikely to be in the slim-disk state.
As shown in figure 3 , the X-1 spectrum below 1 keV stayed nearly constant, and only the hard part of the spectrum varied. This behavior is most successfully represented by the third modeling, namely MCD+cutoff-PL, making it promising. In fact, the MCD component in this fit is consistent with being constant (table 2, figure 6), and the variation in the cutoff-PL component alone can account for the intensity and spectral changes. The cutoff-PL component represents a power-lawlike, but slightly convex, continuum shape. Such a slightly convex hard continuum has been recently observed from many apparently PL-like ULXs; e.g., IC 342 X-1 by Kubota, Done, and Makishima (2002) ; Holmberg IX X-1 by Dewangan, Griffith, and Rao (2006) ; Holmbelg II X-1 by Goad et al. (2006) ; many of the sample of 13 ULXs studied by Stobbart, Roberts, and Wilms (2006) ; 4 of the objects studied by Winter, Mushotzky, and Reynolds (2005) ; NGC 1313 X-1 itself by Dewangan, Griffiths, and Rao (2005) . Since these ULXs often exhibit a soft spectral excess simultaneously, the "soft excess plus power-law with a high-energy cutoff" spectral shape is considered to be rather common among a certain class of luminous ULXs. In addition, the same cutoff-PL modeling was successfully employed by Murashima et al. (2005) to explain the variable soft X-ray excess of the narrow-line Seyfert 1 galaxy, Ton S180. Since the cutoff-PL model generally approximates the process of unsaturated Comptonization, the slightly convex continua from these high-accretion-rate black holes may be interpreted as a result of Comptonization of some soft photons by hot (in this case, a few keV) thermal electrons, which presumably form a disk corona.
Then, how can we interpret the MCD parameters derived from the MCD + cutoff-PL fit? The MCD component is considered to be emitted by a cool disk with a temperature of ∼ 0.2 keV. The derived face-value radius of R in ∼ 4000 km (table 2) , if identified with 3 R s , implies a black hole of several hundred solar masses. However, the luminosity attributed to the MCD component is only a few-times 10 39 erg s −1 (∼ 10% of the total luminosity; table 2), which is an order of magnitude lower than the corresponding Eddington limit. This appears to contradict our basic assumption that ULXs are under highaccretion rates. Furthermore, the value of R in that we obtained is 3-4 times smaller than that measured by Miller et al. (2003) from the same source in 2000 using XMM-Newton (although the errors of the Suzaku measurement are quite large due to the strong cutoff-PL component). Similarly, Dewangan, Griffiths, and Rao (2005) analyzed three XMM-Newton observations of X-1, and reported a lack of the luminosity-correlated temperature changes in the soft component which would take place if the emission is emerging from a standard accretion disk. These pieces of evidence, taken altogether, suggest that the optically thick disk, if present, has a much larger inner radius than 3 R s , or that the disk temperature is unusually low for the accretion rate.
A plausible explanation of such a cool disk has been obtained through a study of the Galactic BHB, XTE J1550−564, in the very high state (Kubota, Done 2004; Done, Kubota 2006) . In this state, a large fraction of the gravitational energy is thought to be dissipated from a hot corona, rather than from the optically thick disk. Consequently, it is considered that the accretion disk is truncated at a certain large radius if the disk and corona are energetically independent (Kubota, Done 2004) , or that the disk becomes much cooler if it is strongly coupled to the corona, which takes up most of the gravitational energy release (Done, Kubota 2006) . Then, the successful MCD + cutoff-PL fit to the X-1 spectra leads to a view that the source is in a very high state, hosting a cool disk and a hot Comptonizing corona. The same very-high-state interpretation, but invoking lower accretion rates, may also apply to the X-1 spectra obtained with XMM-Newton by Miller et al. (2003) , Dewangan, Griffiths, and Rao (2005) , and Feng and Kaaret (2006) , when the source was fainter than in the present Suzaku observation.
Since the innermost region of the cool disk can no longer be regarded as extending down to 3 R s , we cannot utilize the MCD parameters in estimating the black-hole mass. Instead, a relatively robust estimate on the BH mass may be obtained from the source luminosity. The bolometric luminosity, S266 T. Mizuno et al. [Vol. 59,  inferred from the MCD + cutoff-PL fit to the Suzaku brighterphase data of X-1, is 3.3 × 10 40 erg s −1 , requiring a BH mass of ∼ 200 M to satisfy the Eddington limit. Even if we allow a super-Eddington condition by a factor of 3, a mass of 70 M is necessary, which has never been observed in Galactic or Magellanic BHBs.
Spectral State of X-2
The fainter phase spectrum of X-2 is rather convex, and is successfully reproduced by a single MCD model. Therefore, X-2 in this phase may be regarded as a hot-MCD type ULX, just as it was so in the two ASCA observations Mizuno et al. 2001) . When plotted on the temperature-luminosity diagram of ULXs (figure 4 of Makishima et al. 2000) , the present fainter-phase data point of X-2, after a correction for the adopted distance to the source, just falls on the line connecting the two ASCA data points of this source. Since these hot-MCD type ULXs are successfully interpreted as residing in the slim-disk state (section 1), it is natural to consider, as a working hypothesis, that X-2 is also in the slim-disk state, at least during its fainter phase.
The brighter-phase Suzaku spectrum of X-2 has a flatter shape, as shown in figure 3 . If we force a single MCD model to fit this spectrum, we obtain T in = 1.50 ± 0.04 keV and R in = 80 ± 4 km, even though the fit is relatively poor (χ 2 /d.o.f. = 172.0/144). With these values, the brighter-phase data point falls close to the ASCA 1993 data point on the same temperature-luminosity diagram. Thus, the four data points of X-2, two from ASCA and two from Suzaku, define a common locus on the diagram, which is characterized by
. This relation is just what is predicted by the slim-disk model (Watarai et al. 2000) . More strong evidence for the slim disk is provided by the fact that the p-free disk model fit to the brighter phase spectrum gives the temperature coefficient as p ∼ 0.63, which is significantly smaller than that of the standard disk (p = 0.75), and is consistent with what is predicted for a slim disk (Watarai et al. 2000) . From these arguments, we conclude that X-2 was in the slim-disk state throughout the present observation. Although alternative interpretations based on the other two modelings cannot be ruled out, the p-free fit to the brighter phase data provides a most natural extension to the successful MCD fit to the fainter phase spectrum.
If we assume that X-2 is shining close to the Eddington limit, the observed luminosity requires a black-hole mass of ∼ 50M . The value of R in ∼ 100km, estimated using a simple MCD model, appears to be by a factor of ∼ 5 smaller than that inferred from the BH mass. This could be due either to a high BH spin parameter, and/or to the characteristics of slim disks, as originally argued by Makishima et al. (2000) and Mizuno, Kubota, and Makishima (2001) , respectively.
In the XMM-Newton observation conducted in 2000 (Miller et al. 2003 ), X-2 was a factor of 2 less luminous than in the fainter phase observed with Suzaku. The XMM-Newton data were reproduced by a power-law model with Γ = 1.8 plus a soft excess emission, suggesting that the source was in the very high state. This is reasonable, because a few Galactic BHBs show slightly higher luminosities (and probably much higher accretion rates) in the slim-disk state than they are in the very high state (e.g., Kubota, Makishima 2004) .
At the closing of this subsection, let us briefly compare the two ULXs. On an average, X-1 that is presumably in the very high state is about 4-times more luminous than X-2, which is interpreted to be in the slim-disk state. However, we cannot assign a higher normalized luminosity, η ≡ L X /L Ed (with L Ed being the Eddington limit) to X-1, since the slim-disk state is thought to appear at a higher, or at least comparable, value of η as compared to the very high state (Kubota, Makishima 2004) . We may hence conservatively assume that the two ULXs have comparable values of η. Then, neglecting any effect due to a possible difference in their inclination, X-1 is inferred to have (at least) a 4-times higher Eddington luminosity, and hence a 4-times higher mass, than X-2. Then, even employing an extreme assumption that X-2 has a rather ordinary stellar mass, e.g., ∼ 10 M that requires η ∼ 4, X-1 is inferred to have ∼ 40 M , indicating that UXLs have a rather broad mass spectrum. Of course, a more reasonable view invoking η ∼ 1 would be to assign ∼ 200 M to X-1 (subsection 4.1) and ∼ 50 M to X-2.
Oxygen Abundance
The present Suzaku observation has for the first time provided evidence that the oxygen abundance in the absorption intrinsic to X-1 is significantly lower than the solar value, at 0.68 ± 0.13 relative to that given by Anders and Ebihara (1982) . This translates to an oxygen-to-hydrogen number ratio of O/H = (5.0 ± 1.0) × 10 −4 . This value is consistent with that of the interstellar medium (ISM) in our galaxy, according to a recent compilation by Wilms, Allen, and McCray (2000) . It is thus likely that the oxygen abundance in the ISM is subsolar in NGC 1313 as well as in the Milky Way. We also note that recent measurements of the solar oxygen abundance are reconciled with the ISM oxygen abundance, as discussed by Baumgartner and Mushotzky (2006) .
Summary
Using the Suzaku XIS, we observed the two ULXs, X-1 and X-2, in NGC 1313. Both sources varied by about 50% in 90 ks, and showed intensity-correlated spectral changes. The brighter source, X-1, exhibited the highest luminosity, 2.5×10 40 ergs −1 (0.4-10 keV), ever recorded from this source. The intensity and spectral variations of X-1 are both ascribed to a strong power-law-like component with a mild high-energy curvature, while about 10% of the flux is carried by a stable soft component that can be modeled by cool (∼ 0.2 keV) disk emission. These properties suggest that the source was in a "very high" state, wherein the emission was dominated by photon Comptonization in a hot corona, whereas the optically thick disk was truncated at large radii, or cooled off as the accretion energy was taken up by the corona. The observed properties of X-2 are consistently interpreted by presuming that it was in the slim-disk state. The higher luminosity of X-1 than X-2 suggests that the black hole in X-1 is at least ∼ 4-times as massive as that in X-2.
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